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Dakota were scanned for anomalous radioactivity, and samples of drill cores or cuttings from 5 of the wells were submitted for uranium determinations. Plate 14, the index map, shows the localities visited, and the table above shows the formations examined. Previous work by Duncan (1953) indicated that the Heath shale of late Mississippian age and a thin black shale sequence of early Mississippian age called variously the Bakken formation (as used by Nordquist, 1953) , the shale of Kinderhook age, or the Exshaw formation (Warren, 1937) at some places contain abnormally large amounts of uranium. Particular attention was given to a systematic sampling of these formations in an attempt to define areas of maximum or minimum radioactivity which might then be related to facies changes, source areas, thickness, or other factors that reflect environments of deposition.
Black shale of the Phosphoria formation of Permian age is known to contain uranium in the northern Kocky Mountains region, but it was excluded from the study because it has been sampled extensively as part of a separate investigation by the Geological Survey.
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FIELD WORK AND USE AND INTERPRETATION OF THE GAMMA-RAY LOGS
Outcrops of black shale described in the geologic literature or in unpublished reports available to the writer were examined for radioactivity at about 80 localities. Estimates of radioactivity were made in the field using a portable scintillation detector or a Geiger counter;. At most of the localities, representative samples of the formation were collected for uranium determinations regardless of the observed radioactivity. At a few localities, however, only those parts of the formation which showed appreciable radioactivity were sampled.
Roads between outcrops were traversed with a car-mounted scintillation counter, and those areas with higher than average background were examined on foot with the portable instruments.
The examination of gamma-ray logs of wells drilled for oil or gas provides a convenient means of evaluating the uranium possibilities of many black shale formations which otherwise might be difficult to test because of poor natural exposures or broad outcrop areas. Gott and Hill (1953) , in a study of commercial gamma-ray logs of uncased wells drilled in the Rangely field, northeastern Utah, found that, on the average, a 1-inch deflection of the Lane Wells gamma-ray curve at a 10-inch sensitivity scale is caused by about 0.0007 percent of equivalent uranium. They pointed out that variations hi this value might be caused by such factors as the ratio of thickness to grade of the bed tested, the fluid content of the well, the shielding effect of casing in cased wells, differences in individual logging instruments, and the rate of movement of the ionization chamber. The calibration, therefore, is only approximate, but it gives some measure of the order of magnitude of radioactivity of the formations penetrated, and it is useful in comparing the radioactivity of the rocks from place to place. Tables 1 and 2 list 15 
SUMMARY OF THE RESULTS OF THE INVESTIGATION
Uraniferous deposits of black shale thus far found in the northern Rocky Mountains and Great Plains regions are either deeply buried and inaccessible, or they are too thin or of too low grade to be of value at this time as a source for uranium. Only a few of the deposits contain more than 0.003 percent of uranium. Of these few, beds of black shale at the base of the Madison limestone of early Mississippian age contain 0.005 to 0.007 percent of uranium at three localities in Montana and one in North Dakota (Iocs. 43, 44, 82, and 85, pi. 14) , and 4 feet of a bed of black shale 8 feet thick at the base of the Brazer limestone of middle and late Mississippian age contains 0.009 percent of uranium at one locality in Rich County, Utah (loc. 30). The analyses of samples collected at these and other localities are listed in table 3.
The evaluation of gamma-ray logs of oil and gas wells, as shown by 
DESCRIPTIONS OF SELECTED BLACK SHALE DEPOSITS BLACK SHALE AT THE BASE OF THE MADISON LIMESTONE AND EQUIVALENTS
A black shale sequence of early Mississippian (Kinderhook) age, which ranges in thickness from a few inches to as much as 100 feet, occurs locally at the base of the Madison limestone or its equivalents in southwestern and central Montana and in the Williston basin of Saskatchewan, Manitoba, Montana, and the Dakotas. The term "Bakken formation" has been used to identify this unit in the subsurface in the Williston basin, where it is described by Nordquist (1953, p. 72) as mainly "two thin highly radioactive black shales separated by a grey calcareous sandstone, siltstone, or dolomite." According to Nordquist, the upper shale unit may be correlative with a bed of black shale, a few inches to 30 feet thick, which occurs at the base of the Madison or Lodgepole limestones in various parts of southwestern Montana and Utah. The lower shale and medial sandstone-dolomite units may correlate with the Sappington sandstone as used by Holland (1952) , a shale and sandstone sequence as much as 60 feet thick, which occurs below the Madison limestone in parts of southwestern Montana. In southern Canada, equivalents of the basal shale unit and medial sandstone-dolomite unit of the Bakken formation, as used by Nordquist (1953) , are regarded by him to correlate respectively with the Exshaw shale (of Warren, 1937) and the basal sandstone of the overlying Banff formation (of McConnell, 1887) . In most parts of the northern Rocky Mountains region, the Bakken formation (as used by Nordquist, 1953) Chip s ampl e, 10^-f t bed i t ai ni ng thin l enses of bl Ch a n n e l s ampl e, mi ddl e : shal e and shal y bl ack 11 Ch a n n e l s ampl e, 2^-ft br own shal e.
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.002 .003 .003 .003 The analysis above indicates that Th230 and radium, both daughter products of uranium, are the principal contributors of excess radioactivity. The relatively high concentrations of these elements in comparison to uranium suggest that leaching of uranium or addition of Th230 and radium has occurred in this deeply buried shale [in comparatively recent time.
The thickness and the areal distribution of radioactivity in the Bakken formation (as used by Nordquist, 1953) Nordquist, 1953 ) is thickest in the northwestern corner of North Dakota and that the formation is most radioactive slightly east of this area, near the northeastern corner of Montana. It seems evident that radioactivity in the Bakken formation (as used by Nordquist, 1953) varies appreciably from place to place with a definite pattern. Recognition of the pattern will help in outlining areas in which maximum concentrations of uranium in the formation may be expected.
BLACK SHALE AT THE BASE OF THE BBAZEB LIMESTONE
In parts of Utah and Idaho the basal part of the Brazer limestone of middle and late Mississippian age consists of a black phosphatic shale sequence ranging in thickness from a few inches to about 75 feet. Exposures of this zone were tested at two places in southeastern Idaho (Iocs. 21 and 22), and at one place in northwestern Utah (loc. 30). Beds of black shale at the two Idaho localities are mostly nonuraniferous, but in Rich County, Utah, a bed of shale 14 feet thick in the upper part of the sequence contains as much as 0.006 percent of uranium, and a bed of shale 8 feet thick in the lower part contains as much as 0.009 percent of uranium. The measured sections and uranium content of the black shale at the three localities are shown hi figure 53.
Black shale at the base of the Brazer limestone was examined by Duncan (1953) in Ogden Canyon, Weber County, Utah, about 45 miles southwest of the Rich County locality described above. In Ogden Canyon, Duncan reported, beds of phosphatic shale about 1 foot thick contain as much as 0.005 percent of uranium, 0.18 percent of vanadium oxide, and 17.3 percent of phosphate.
HEATH SHALE
The Heath shale of late Mississippian age crops out along the margins of the Little Belt and Big Snowy Mountains in central Montana, and it has been penetrated in drill holes throughout a large area in eastern Montana and western North Dakota. The formation consists mainly of black shale, with subordinate amounts of gray lime* stone and fine-to coarse-grained sandstone. It is as much as 650 feet thick in the subsurface in the northeastern corner of Musselshell County, Mont., and it is as much as 400 feet thick where it is exposed on the flanks of the Little Belt and Big Snowy Mountains to the west. (See fig. 54 .) The Heath is underlain by the Otter forma-tion of late Mississippian age, which consists of green and black shale and gray limestone; it is overlain by the Amsden formation of local usage of late Mississippian and Pennsylvanian age, which consists mostly of red shale and sandstone and gray limestone and dolomite.
Sec 32, T. 13 N., R. 6 E., NEJ* sec 23, T. 12 S., R.44 E., SE3* sec 33, T. 7 S., R 40 E Rich County, Utah Bear Lake County, Idaho Caribou County, Idaho Outcrops of the Heath shale were examined for radioactivity at 8 places by W. J. Hail and J. K. Gill in 1951 (in Duncan, 1953) , and outcrops of the Heath shale were examined at 24 places by the writer in 1953. The most highly uraniferous black shale thus far found in the formation was discovered by Hail and Gill 3 miles southeast of Forestgrove, Mont., in the NWK sec. 24, T. 14 N., K. 20 E., Fergus County. At this locality, the upper 4 feet of a bed of black shale 6 feet thick near the top of the formation contains 0.006 percent of uranium. Samples of black shale from the Heath shale elsewhere in central Montana contain a maximum of 0.003 percent of uranium.
A sample of water from a seep in the upper part of the Heath shale on the north flank of the Big Snowy Mountains (loc. 66) contains 7 parts per billion of uranium.
The Heath shale is characterized locally by large deflections on gamma-ray logs of oil and gas wells. A bed 10 feet thick in the Heath shale penetrated by the Marigold Oil, Ltd.-Farnham well 1, McCone County, Mont, (well 3, table 1), may contain more than 0.01 percent of equivalent uranium; and gamma-ray logs show some parts of the formation in Musselshell County, Mont., to be almost as radioactive. Not enough information is available so far to attempt to analyze the distribution of radioactivity in relation to the variations in thickness and lithology of the Heath.
